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Isotope geochemistry of the Varuträsk pegmatite (northern Sweden)

Swiss Geoscience Master Congress 10th November 2011

Siegel Karin*, Wagner Thomas*, Trumbull Robert**, von Quadt Albrecht*, Jonsonn Erik***, Heinrich
Christoph*
*Institute of Geochemistry and Petrology, ETH Zurich, Clausiusstr. 25, CH-8092 Zurich (ksiegel@student.ethz.ch)
**Inorganic and Isotope Geochemistry, GFZ Potsdam, Telegrafenberg B125, D-14473 Potsdam
*** Mineral Resources, Swedish Geological Survey, Box 670, SE-75128 Uppsala.

The Varuträsk pegmatite, located in the Skellefte district in northern Sweden, is a classical
representative of LCT-type (petalite subtype) rare element pegmatites (Cerny 1991; Cerny & Ercit
2005). Detailed geochemical and isotopic studies of this well-documented pegmatite body can help to
address important questions in pegmatite petrogenesis, such as the processes controlling internal
evolution and zoning, and the potential role of an aqueous fluid phase in the evolutionary history. The
Varuträsk pegmatite shows a typical differentiation pattern, composed of well-developed border, wall,
intermediate and core zones (Quensel 1952). Late stage assemblages are characterized by
replacement features that might relate to interaction with a highly evolved melt or an aqueous fluid
phase. Previous work (Matalin 2010) has focused on the major and trace element characteristics of
key minerals (feldspars, micas, tourmaline, columbite-tantalite), constraining progressive magmatic
fractionation trends in the primary pegmatite zones. Significant compositional changes observed in the
late-stage mineral assemblages (e.g., reversals of magmatic fractionation trends, depletion in
elements typically enriched in aqueous fluids) indicate that most likely an aqueous fluid exsolved after
the development of primary pegmatite zonation.
The present study has been carried out to further constrain the role of an aqueous fluid phase,
and additionally attempts to trace the source of the parental granitic magma. Stable isotope analysis
(O, H, B) has been performed on quartz, mica and tourmaline of all principal mineral assemblages in
the pegmatite. Radiogenic isotope (Rb/Sr and Sm/Nd) data have been obtained from two granite
suites (Skellefte- and Revsund-type granites; Claesson & Lundquist 1995) that are likely source
18
candidates, host rock amphibolites as well as pegmatitic apatites and feldspar minerals. The δ O
values are in the range of 9.7 to 14.0 ‰, and the resulting equilibrium temperatures for quartz-mica
pairs are 550°C for the wall zone and 450°C for the intermediate zones. Hydrogen isotope analysis of
micas yielded δD values between -75.8 and -19.2 ‰. Both oxygen and hydrogen isotope data display
an inward fractionation trend. Boron isotope data of tourmalines obtained using SIMS microanalysis
11
are between -14.6 and -6.2 ‰. The δ B data of different tourmaline types conforming to the primary
pegmatite zonation show a clear magmatic fractionation trend, whereas tourmalines related to latestage assemblages show a reversed fractionation that is correlated with the trends shown by several
major and minor elements in the tourmaline (Na, Fe, Mn, F). The radiogenic isotope data indicate an
arc environment setting for both, the Skellefte and Revsund granitic suites, but this is more likely
interpreted as intermixing of sedimentary and mantle material from an ancient volcanic island arc or
even MORB (mid ocean ridge basalt) material. The Skellefte-type granites and the Varuträsk
pegmatite can be linked due to elevated Rb levels in both rocks, compared to the Revsund granitic
suite. This possible relation is supported by the elevated levels of phosphorus (London 2008) in the
Varuträsk pegmatite, and the boron and oxygen isotope data that both point to an S-type granitic
origin.
REFERENCES
Cerny, P. 1991: Rare-element Granitic Pegmatites. Part I: Anatomy and internal evolution of
pegmatite deposits. Geoscience Canada 18, No. 2, 49-67.
Cerny, P. & Ercit, T.S. 2005: The classification of granitic pegmatites revisited. Can. Mineral. 43,
2005-2026.
Claesson, S. & Lundquist, T. 1995: Origins and ages of Proterozoic granitoids in the Bothnian basin,
Centra Sweden: isotopic and geochemical constraints. Lithos 36, 115-140.
London, D. 2008: Pegmatites. Mineral Assoc. Canada Spec. Publ., 10, 347 p.
Matalin, G. 2010: Petrography and mineral chemistry of the Varuträsk pegmatite (Northern Sweden).
Unpublished MSc thesis, ETH Zurich, 72 p.
Quensel, P. 1952: The Paragenesis of the Varuträsk Pegmatite. Geological Magazine 89, 49-60.

Geochemistry

2

,

,

Greber Nicolas D. * **, Hofmann Beda A. **, Thomas Pettke*, Voegelin Andrea R.*, Villa Igor M. * ***,
Nägler Thomas F. *
* Institut für Geologie, Universität Bern, Baltzerstrasse 3, CH-3012 Bern (greber@geo.unibe.ch)
** Naturhistorisches Museum der Burgergemeinde Bern, Bernastrasse 15, 3005 Bern.
***Dipartimento di Scienze Geologiche e Geotecnologie, Università di Milano Bicocca, 20126 Milano, Italy.

The investigation of Mo isotopes has become increasingly popular in geosciences in the last decade.
As molybdenite (MoS2) is the only industrially valuable Mo mineral source, a number of studies have
focused on its Mo isotope composition (IC). In this study, we analyzed the Mo IC from two MoS2
mineralizations (Alpjahorn and Grimsel) and from a Mo-rich hydrothermal breccia (Grimsel) to broaden
our knowledge about the Mo isotope behaviour in magmatic and hydrothermal systems. The two
MoS2 occurrences are related to late-magmatic processes in connection to residual hydrothermal
fluids from the intrusion of the Central Aar granite, whereas the breccia has a Pliocene age and the
Mo was transported via oxidized surface waters into the breccia system. In both cases, a reduction of
Mo let to its precipitation.
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Figure 1. (a) Mo IC of MoS2 from the Alpjahorn and the Grimsel Pass, showing two maxima. (b) Mo IC
from the Mo-rich Grimsel breccia.
98/95

The breccia shows a wide and quite homogeneous Mo IC scatter of 3.0 ‰ (Figure 1). The δ
Mo of
the MoS2 mineralizations varies over 1.35 ‰. Even in a single hand specimen it spans 0.45 ‰,
indicating that fractionation processes during MoS2 precipitation can vary on a cm scale. In contrast to
the breccia, the MoS2 of the Alpjahorn and the Grimsel Pass have an identical, bimodal Mo isotope
pattern (Figure 1). This indicates that the same magmatic source and genetic evolution, in this case
the intrusion of the central Aar granite, has formed both mineralizations. In addition, Rayleigh
fractionation alone, as proposed in former studies, is unlikely to produce the observed bimodal Mo IC
of molybdenites. Three explanations could account for this distinct Mo isotope signature of the MoS2:
1. Alpine metamorphism might have caused additional Mo isotope fractionation. However, our
petrographic observations do not hint at a redistribution of MoS2.
2. If boiling of the hydrothermal fluid occurred, the transfer of dissolved Mo in a liquid hydrothermal
phase and its uptake into a water vapour phase is also likely to produce Mo isotope fractionation. The
precipitation of a first MoS2 population from a vapour phase and of a subsequent one from a brine
could account for the Mo IC pattern found in our samples.
3. The Central Aar granite has a Mo isotope value significantly lighter than that of most MoS2 in the
98/95
Aar Massif. The Δ
Mo between granitic silicates and MoS2 indicates that the former either
preferentially incorporate light Mo isotopes during crystallization, or that hydrothermal fluids selectively
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Mo isotope composition of Mo-rich hydrothermal systems in the Aar Massif

Geochemistry

3

precipitate heavy Mo isotopes. In either case, two discrete pulses of fluid exsolution from an
increasingly fractionated magma could have produced the two isotopically different MoS2 groups.
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As reduction reactions are important considering Mo precipitation in both investigated systems
(breccia and MoS2), we suggest redox variations to be a main factor controlling the Mo IC in
hydrothermal environments. To gain more information about the Mo fractionation processes in
hydrothermal systems, the investigation of MoS2 from the unmetamorph Questa porphyry deposit
(USA) is in progress. Based on a detailed geochemical study, this deposit was formed by two different
rd
hydrothermal fluid exsolutions and should therefore help to deny or strengthen at least the 3
hypothesis explained above.

Ordovician mafic magmatism in the Métailler Formation of the Mont-Fort nappe
(Middle Penninic domain, western Alps) – geodynamic implications
Gauthiez, Laure*, Bussy François*, Ulianov Alexey*, Gouffon Yves**, Sartori Mario***.
*Institut de Minéralogie et Géochimie, Université de Lausanne, CH-1015 Lausanne, (laure.gauthiez@gmail.com)
**Swisstopo, Bern
***Université de Genève, Rue des Maraîchers 13, CH-1205 Genève

The Métailler Formation belongs to the basement of the Mont-Fort nappe, in the Middle Penninic
domain of the western Alps. It consists of a heterogeneous volcanic detrital sequence dominated by
mafic components including pillow-lavas and banded gabbros bodies. The age and significance of
these lithologies have been debated since more than 50 years (e.g. Schaer, 1959; Chessex, 1995).
These rocks have been strongly reworked by Alpine metamorphism and deformation in the
greenschist facies. Metagabbro bodies are outcropping in the small Louvie valley, SE of Verbier
(Wallis). They are composed of multiple coarse-grained bands (20cm to 5m thick) (Fig. 1a) of close
but distinct chemical composition. Cm-long dark spots made of an actinolite ± chlorite ± epidote
assemblage mimic former magmatic pyroxenes. These textural features as well as the shape and
position of the gabbro bodies within the sedimentary host-rock suggest a sill-on-sill emplacement style
in the volcanic-detrital sequence.
Magmas have a composition of continental tholeiites of E-MORB type, including differentiated facies
as Ti-rich gabbros. Small volumes of albite-rich evolved liquids form discordant dikelets or segregates
within the gabbros and contain zircons. The latter show unusual sponge-like textures (Fig. 1b)
interpreted as the result of a metamorphic dissolution-recrystallization process triggered by Na-rich
fluid circulation during Alpine metamorphism, in a similar way as described by Rubatto et al. (2008).
206
238
LA-ICPMS U-Pb dating of preserved magmatic zircon cores yielded mean concordant Pb/ U ages
of 456.7 ± 5 Ma and 462 +4/-7 Ma, respectively (Fig. 2).
Detrital zircons in the gneissic metasedimentary host rock display a large age range from Achaean
rounded grains (3.5 Ga for the oldest) to Cambrian-Ordovician prismatic grains (550 to 475 Ma). As
the youngest detrital zircon (456 ± 9 Ma) and the intruding gabbros have the same age within errors,
deposition of the volcanic-detrital sequence occurred in a short time span. The mafic volcanic
component in the sediments is also very close in composition to the gabbro intrusions and thus seems
linked to the same magmatic event.
The Metailler Formation is interpreted as a sedimentary basin infill with a continental input
documented by Achaean detrital zircons, located close to a mafic volcanic centre. The sedimentary
context and the magma compositions are consistent with a back-arc environment. According to
geodynamic reconstructions (e.g. Stampfli et al. 2011), the future Middle Penninic domain was part of
the north-Gondwanan active margin at that time, which was progressively drifting off main Gondwana
in response to the southward subduction of a northern oceanic domain. Thus the Ordovician Métailler
Basin might document the early back-arc opening of north-Gondwana which ultimately gave birth to
the eastern Rheic ocean.
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Figure 2. Summary of LA-ICPMS
Formation.
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Western alps, Switzerland. In: Proceedings of the international earth sciences colloquium on the
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the early Paleozoic. Abstracts of the 11th Int. Symposium on the Ordovician System Alcalá de
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Figure 1. a. Banded gabbro body. b. Zircons of an albitic dikelet (epoxy mount, cathodoluminescence
image, red circles are LA-ICPMS (25µm) analysis spots).
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Investigating the role of local geology on earthquakes: the case of Geneva

Swiss Geoscience Master Congress 10th November 2011

Farzam Azarm*, Frischknecht Corine*
*Section of Earth and Environmental Sciences, University of Geneva, rue des Maraîchers 13, CH-1205 Genève

Geneva is situated in the south-western part of the Swiss plateau and the Swiss Molasse Basin. From
the north to the south-west, the Geneva basin is limited by the Jura chain; in the south by the Salève
and in the south-west by the Vuache mountain, a track of the Vuache fault system, a seismic active
fault (Thouvenot et al., 1998). The entire city of Geneva is built on the Molasse basin mostly overlain
by fluvio-glacial and lacustre deposits. Their composition, lateral variation, thickness and state of
consolidation can influence the shaking during an earthquake.
In the study area (figure 1), the thickness of the Quaternary deposit varies from 5 to 115m.
Macroseismic surveys done following the 1994, 2003, and 2004 earthquakes that were felt in Geneva
revealed variations of the seismic response (Hernandez-Trevethan, 2010). One objective of this study
was to investigate the link between macroseismic observations and the local geological conditions.

Figure 1: This map represents the study area in the canton of Geneva with macroseismic observations
(blue points) and ambient noise measurements (red triangle).
To achieve this goal, ambient noise measurements, boreholes data and macroseismic observations
were used. Ambient noises were analyzed using the Nakamura’s technique (Nakamura, 1989) to
determine the fundamental resonance frequency and associated amplitude. Sites were selected as
close as possible from macroseismic observations. 132 measurements were achieved.
Resulting H/V curves can be classified into four categories, clear peaks, double peaks, broad peaks
and flat curves. This variation in shape is linked with soil characteristics, especially in terms of velocity
contrast. Identifiable peaks show that the fundamental frequency varies from 1.06 to 14 Hz and the
amplitude from 1 to almost 6.
A correlation analysis has been carried out using the fundamental frequency, amplitude of the curves,
type of soil units and thickness of the Quaternary deposit and average macroseismic intensities.
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Results show a certain correlation between fundamental frequency and thickness of the Quaternary
deposit. But there is no clear correlation between macroseismic intensities, soil properties and H/V
ratio.
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REFERENCES
Hernandez-Trevethan, M. (2010). Scénarios de risque sismique pour la région urbaine de Genève, vol
98, Terre et Environnement, Université de Genève, 160p..
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30(1).
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876-892

A critical appraisal of asymptotic 3D-to-2D data transformation and the
potential of complex frequency 2.5-D modelling in seismic full waveform
inversion
Auer Ludwig*
*ETH Zürich

In seismic full waveform inversion, practicioners usually correct for the amplitude and phase
differences between 2-D (line source) synthetic data and 3-D (point source) field data using simplistic
asymptotic filter algorithms ("geometrical spreading corrections"), which operate on a time-sample
basis and assume straight ray paths and a constant velocity medium. The sometimes careless usage
of these filters is in contradiction to their well known limitations. In this thesis, an extensive quantitative
appraisal of 3D-to-2D data transformation procedures is presented. It is demonstrated that filtering
errors are moderate in purely acoustic situations but become substantial in complex media when
arrivals overlap each other or ray paths deviate strongly from straight lines. Normalized root-meansquare deviations up to 5 % and maximum relative time domain errors up to 40 % were found in high
contrast media, when full elastic treatment was considered. In the second part of this thesis, the
potential of 2.5-D modelling as an alternative to 3D-to-2D transformation is assessed. An attempt is
made to circumvent problems associated with singularities at certain critical wavenumber values in the
2.5-D wavenumber spectrum by combining a finite-element 2.5-D forward solver with a complexfrequency extension. By shifting the poles off the real axis, they are avoided in the inverse Fourier
transform to the frequency domain and associated problems are significantly mitigated. Reconstructed
finite-element 2.5-D seismograms compare very well to reference finite-difference 3-D seismograms
and 2.5-D modelling with complex frequencies outperforms asymptotic filtering procedures in terms of
observed errors.

3D elastic wave focusing effects in the Los Angeles basin upon the Northridge
earthquake
Tesoniero Andrea*
*ETH Zürich

As a consequence of the Mw 6.7 1994 Northridge earthquake, the area of Santa Monica in the Los
Angeles basin experienced concentrated and unexpectedly high values of ground shaking. Elastic
focusing wave effects have been proposed by several authors as a cause for the enhanced ground
shaking. We use a 3D spectral element method to simulate a kinematic point source and finite source
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models for the Northridge mainshock in a Southern California hexahedral mesh model with the 3D
tomographic velocity model CVM-H, including external and internal interface topography. We show
how amplification effects of relatively low frequencies (0-0.4Hz) are observed in a limited area in the
Santa Monica region when a smoothed representation of the Santa Monica overthrust, that acts as a
focusing lens, is specifically honored by the numerical mesh. We present 3 different models of the
overthrust, accounting both for the geometrical extent of the smoothed area and for the velocity
structures. We modify the velocity model with a distinctive but physically acceptable velocity jump in
order to honor the overthrust geometry. This increases the PGV by 40% with respect to the original
CVM-H model, matching also the actual amplitudes recorded at the Santa Monica City Hall seismic
station. We also show that the geometric extent of the modified area has a higher contribution to the
enhanced ground motion than a stronger velocity contrast at the overthrust edge. We conclude that in
regions of complex 3D subsurface settings, where complex wave phenomena such as elastic focusing
might happen, honoring these structures both numerically (by the mesh model) and physically (by the
velocity model) is extremely important for a proper representation of the seismic ground shaking.
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Surface Nuclear Magnetic Resonance Tomography on a First-Year Sea Ice
Pressure Ridge
Nuber André*, Rabenstein Lasse*, Lehmann-Horn Jochen*
*Applied and Environmental Geophysics, ETH Zürich, Sonneggstrasse 5, CH-8092 Zürich (nubera@ethz.ch)

The porosity of the keel of a sea ice pressure ridge is one of the critical parameters in order to
understand the evolution of the Arctic sea ice cover, since it accounts for its vulnerability against
melting. Sea ice pressure ridges are built when drifting ice floes collide due to convergent forces, i.e.
due to ocean currents or winds. Breaking ice blocks inclose water-filled cavities in the keel of the
ridge. The determination of the keel porosity with drillings is inaccurate, because it only yields
information about a few investigated points. Since the porosity within the keel equals its liquid water
content, surface-NMR can be applied, a method which is directly sensitive to unbound hydrogen
protons.
My master thesis (and therefore my presentation) describes the first application of surface-NMR on
sea ice. A surface-NMR tomography using seven coincident soundings is performed on a first-year
sea ice pressure ridge on the land fastened ice off Barrow, Alaska. The inversion yielded the water
content of the shallow part of the ridge, 31 ± 7%, and of deeper part, 49 ± 7% (see Figure 1).
The error range of 7% results from noise, but also from the uncertainty and the simplification of the
ridge geometry, which was investigated with a synthetic modelling example. A further result of a
preceding modelling study is the validation of the used numerical modelling algorithm for the
calculation of the magnetic field induced by a transmitter loop at the surface.
The application of surface-NMR on sea ice is particular due to the high electric conductivity of the
subsurface. The geometry of the ridge is known from drillings and yields, together with literature and
the analysis of a drillcore, the conductivity distribution of the subsurface. The geometry and the
conductivity distribution are successfully incorporated in the inversion of the surface-NMR data.
Nevertheless, a misfit of around 30 nV (maximum amplitude around 200 nV) in the imaginary part of
the sounding curves remains unexplained, giving rise to further research.
The presence of sea water on the one hand, and the absence of cultural noise due to the remoteness
of the survey site on the other hand, yielded a very high signal-to-noise ratio. The good quality of the
data allowed the demonstration of the effect of accounting for relaxation during the pulse (RDP).
Neglecting RDP would lead to a severe underestimation of 8% water content within the deep keel.
The incorporation of off-resonance effects in the forward modelling led to a reduction of 5.5 nV for the
average misfit of the real part of the sounding curves.
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Figure 1. Profile throughout the investigated sea ice pressure ridge showing the water contents of the
different blocks in %. The ridge geometry is obtained by drillings, the water contents are estimated
from seven coincident surface NMR performed with the 20x20 m loops L0 to L6.
REFERENCES
Haas, C. (2010). Dynamics versus Thermodynamics: The Sea Ice Thickness Distribution. In D. N.
Thomas and G. S. Dieckmann (Eds.), Sea Ice (2nd ed.)., Chapter 4, pp. 113–151. John Wiley and
Sons.
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Explosion intensities and fragmentation modes of the Loolmurwak and Eledoi
maar volcanoes, Lake Natron – Engaruka monogenetic field, northern Tanzania

Swiss Geoscience Master Congress 10th November 2011

Berghuijs Jaap F.*, Mattsson Hannes B.*
*Institute of Geochemistry and Petrology, Swiss Federal Institute of Technology (ETH Zürich), Clausiusstrasse
25, 8092 Zurich, Switzerland

Two different theories currently exist on the explosion mechanism that is associated with diatreme
volcanism. Some authors advocate a ’dry’ eruption scenario in which gas exsolved from rising magma
causes explosive activity, whereas others prefer a phreatomagmatic course of events in which
diatreme formation is the result of interaction between magma and ground or surface water. However,
only the later eruption mechanism is currently held viable for maar volcanoes, even though they are
commonly, if not inevitably, associated with diatremes.
The Eledoi and Loolmurwak maars (Lake Natron - Engaruka monogenetic field, northern Tanzania)
form two of the largest craters in an area of more more than 100 cones. Preliminary field evidence is
in line with a recent study of Mattsson & Tripoli (2011) and suggests that craters in this area provide
little evidence of wet deposition, such as accretionary lapilli and vesiculated tuffs. Rather, several
observations point towards a dry mode of deposition, including a presumably wind-induced asymmetry
of the crater rim (Eledoi) and the dominance of sub-spherical armoured lapilli, the core of which
consists of olivine, pyroxene or amphibole phenocrysts (Loolmurwak, Fig. 1). Many of these lapilli
show flattening parallel to the bedding plane, suggesting that they were molten droplets at the time of
the eruption.
Magmas of both Loolmurwak and Eledoi are nephelinitic or olivine melilititic in composition. The
abundance of phlogopite and amphibole megacrysts (up to 11 and 20 cm in diameter, respectively)
indicates a high volatile content. Common in especially the Eledoi deposits is the occurrence of mantle
xenoliths (predominantly dunites and wehrlites) that are frequently cut by several generations of
metasomatic veins (containing amphibole, phlogopite, clinopyroxene and spinel). Mantle xenolith
-1
sizes suggest a minimum average magma ascent rate of 0.9 ms for the Eledoi eruption.
The rapid ascent rate of the involved magmas from upper-mantle depths and the exsolution of
abundant volatiles, together with pyroclast shapes and textures that indicate ‘dry’ magmatic
fragmentation and deposition, indicate that the emplacement mechanism of the Eledoi and
Loolmurwak maar craters is very similar to that typical for many kimberlites. Consequently, a more
detailed study of pyroclast textures, mineralogy and chemistry of the Eledoi and Loolmurwak deposits
can provide valuable new insights into maar emplacement processes.
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Figure 1. Subspherical armored lapilli within an ash matrix (Loolmurwak maar deposits). Lapilli cores
predominantly consist of amphibole, pyroxene and olivine. Picture by J.F. Berghuijs.
REFERENCES
Mattsson, H.B., Tripoli, B.A., 2011: Depositional characteristics and volcanic landforms in the Lake
Natron–Engaruka monogenetic field, northern Tanzania. Journal of Volcanology and Geothermal
Research, 203(1-2), 23-34.

Dunite formation in the Lanzo peridotites, Italy: a morphological, petrological
and geochemical study
Tornare Evelyne*, Müntener Othmar*
*Institute of Mineralogy and Geochemistry, Anthropole, University of Lausanne, CH-1015 Lausanne, Switzerland

The Lanzo ultramafic massif is located in the Western Alps, Northern Italy. This massif is formed by
subcontinental mantle lithosphere peridotites and pyroxenites exhumed during Jurassic rifting related
to the opening of the Piemont-Liguria ocean. During the early stages of exhumation this mantle portion
underwent successive reactive and impregnating melt interaction phases. Intergranular porous melt
percolation was first diffuse and then focused through high porous channels, which resulted in dunites
bodies (Müntener and Piccardo, 2003). Dunites are clue for a better understanding of melt migration
processes and evolution of mid-ocean ridge magmas and may develop during an advanced stage
during the transition from a magma-poor margin to an (ultra)-slow spreading ridge. Here we present
results from a morphological and geochemical study on olivine, spinel and clinopyroxene from Lanzo
dunites.
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Two distinct morphological and mineralogical types of dunite channels have been recognized. The first
type is characterized by isolated straight and clinopyroxene-bearing dunite channels, with various and
irregular size but especially as decametre-scale bodies. The second type is characterized by
anastomosing networks of thin, braided clinopyroxene-free dunite channels. Olivine compositions are
identical in both types in terms of Mg# (89.9 – 92.5) and trace element contents, while spinel
compositions vary between the two types (TiO2: 730 – 3230 ppm and even higher for the second type,
Cr#: 29.3 – 44.2).
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In clinopyroxene-bearing dunites, two clinopyroxene shapes have been identified: cumulate granular
grains and typical interstitial grains. Granular grains are chemically homogeneous over the entire
grain, while interstitial grains show incompatible trace element enrichment, including Na and Ti, and
especially in Zr and Hf and a clear Zr/Hf ratio increase from core to rim of the grains. In addition,
phlogopite and Ti-amphibole inclusions in dunite spinel surrounding small gabbroic dikes are enriched
in incompatible elements, with positive Zr, Hf anomalies. Clinopyroxene chemistry and modal amounts
may be related to conditions and time of the melt migration and allow us to establish a relative
chronology of the dunite channel activity. Chondrite-normalized REE abundances of liquids in
equilibrium with clinopyroxene have been calculated. The melt composition remains N-MORB type
during the entire intergranular porous flow migration episode until the compaction event. At this point
the melt composition seems to change and REE pattern of melt in equilibrium with interstitial
clinopyroxene show a LREE enriched composition similar to E-MORB with a Zr and Hf positive
anomaly.
The morphological and geochemical features can be related to two distinct crystallization regimes.
The homogeneous granular grains crystallized in equilibrium from the cooling migrating melt; while the
interstitial grains are the result of crystallization of interstitial trapped melt, probably induced by
compaction and porosity decrease of the peridotites, during the final stages of melt migration. These
last increments of melts probably represent refractory initial compositions that fractionate in the mantle
forming metasomatic assemblages.
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Analysis and Characterisation of Metal-Depleted Dry Incinerator Bottom Ash,
Attempt of a Product Definitionfor the Cement Industry
Pestalozzi Anja*
*Swiss Geotechnical Commission (SGTK), ETH Zürich NO F35, Sonneggstr. 5, 8092 Zurich	
  

In recent years, the concept of dry discharge of incinerator bottom ash (IBA) has been developed.
Compared to the wet discharge, as it is used in most incineration plants worldwide, the weight
reduction and the easier treatment (no chemical reactions, no particle agglutination and possibility of
mechanical separation) of dry discharged IBA are considerable advantages. Moreover, the largest
part of recyclable material can be recovered from dry IBA (Bunge and Fierz, 2007). Especially the
recovery of the metal components already is on a high level, but the remaining material is only badly
characterised and not reused so far, although it has a large potential of reuse in various industries.
This master thesis is focussed on the dry discharged, metal-depleted IBA and approaches it from the
analytical as well as from the practical side. On the one hand, the composition and the structure of the
metal-depleted dry IBA from the incineration plant in Hinwil (Kehricht-verwertung Zürcher Oberland
KEZO) are characterised. On the other hand, experiments were conducted for a potential reuse in the
cement industry.
The results of the analytical part showed that metal-depleted IBA is highly heterogeneous. Each
sample contains many different phases and its chemistry may vary strongly on every scale. These
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fluctuations are directly related to the input of heterogeneous waste material from industry and
households into the combustion process. The analysis also revealed, that certain elements and
phases tend to separate mechanically and form a finer fraction during transport and transhipping of
the material. The question is if this fractionation tendency might be of advantage for the application.
For the practical part of this thesis, the cement industry was chosen because they are looking for new
raw materials that can ameliorate the CO2 balance since the production of Portland cement is
responsible for 5% of the worldwide CO2 emissions (Gartner 2004). Concerning availability and price
IBA has a large potential as the thirty Swiss incineration plants produce over 750’000 tons of IBA
every year. This enormous amount of material is cheap, because it has to be deposited in landfills if it
cannot be reused. However, for a reuse in cement production, the chemical composition is crucial.
The IBA composition measured in the analytical part basically matches the requirements. The main
issue lies in the trace element content. Heavy metal concentrations mostly are beyond the legal limits.
Additionally, the large amount of chlorine present in the IBA is a problem for the environment (highly
mobile and forms soluble compounds with most heavy metals) as well as a killer-criterion for the
production of cement (accelerator for setting and hardening, Taylor 1990). To test the possible reuse
practical experiments were conducted. The application of IBA as constituent at the cement grinding
stage in the production process, as so-called addition, was tested. Because of a volume expansion
due to the reaction of lime with water, the IBA had a clearly negative impact on the compression
strength and, therefore, is unsuitable for the intended application under the applied conditions.
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Still, the advantages concerning available quantities, price and transport distances of a reuse of IBA
remain. Therefore, further research in this area is worth doing. Furthermore, beyond the scientific
aspects, this thesis addresses several topics that have a practical use or background. There are
environmental (landfilling and gas emissions), technical (use of analytical methods and information
about composition and structure of IBA) as well as political aspects, which all influence this area of
research.
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Influence of particulate matter on observed albedo reductions on Plaine Morte
glacier, Swiss Alps
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Bühlmann Eva*, Herren Pierre-Alain**,* Hoelzle Martin*** and Schwikowski Margit**,*
*Oeschger Center, University of Bern, Zähringerstrasse 25, CH-3012 Bern (ebuehlmann@students.unibe.ch)
**Paul Scherrer Institut, CH-5232 Villigen
***Department of Geosciences, University of Fribourg, Chemin du Musée 4, CH-1700 Fribourg

In the face of global warming and subsequent glacial retreat, studies on the snow/ice-albedo feedback
mechanisms have gained importance within the climate science community. Deposition of impurities
on snowpacks or glaciers was found to reduce their surface albedo and therefore enhance melting
and contribute to global warming by additional light-absorption (e.g. Hansen & Nazarenko 2003). So
far, soot from fossil fuel combustion was most emphasised due to its strong absorption properties and
its anthropogenic origin (Warren & Wiscombe 1980). However, supra-glacial particulate deposits,
generally termed cryoconite, have been shown to contain a diversity of additional absorbing
components, including mineral dust, living microorganisms and decomposing organic matter
(Takeuchi 2009). Although a variety of studies were conducted to determine driving forces behind
observed glacial albedo reductions, knowledge about the relative contribution of different cryoconite
components remains scarce, especially in the Alpine region.
The present study aimed to investigate the origin and biogeochemical composition of cryoconite on an
Alpine glacier and to contribute to a more profound understanding of relative effects of different
cryoconite components to observed estival albedo reductions. The study site at Plaine Morte glacier
(46°23’N, 7°29’E) is situated in the western Swiss Alps and has been previously reported to be
characterised by exceptional sensitivity towards changes in the energy budget due to its small
inclination (Paul et al. 2005). In the course of the ablation season in 2010, broadband albedo and
spectral reflectance measurements were performed during four individual days of field campaign (1
June, 6 July, 20 July and 25 August). Snow samples, particulate matter and ice samples were
collected for biogeochemical analyses. Major ions and trace elements were used to identify impurity
sources within the snowpack. The composition of cryoconite was analysed by determining the bulk
mineralogy, the organic fraction and the elemental carbon content. Biogenic matter and
microorganisms were additionally assessed qualitatively by microscopic techniques. The obtained
cryoconite composition was then related to the observed albedo change (from 0.74 to 0.16) on Plaine
Morte glacier to quantify the relative contribution of each of the cryoconite compounds.
Cryoconite was found to be dominated by mineral dust of local origin and outcropping dust layers
within the melting glacier ice instead of dust from long range transport i.e. Saharan dust. This is partly
explained by the fact that in contrast to other years no major Saharan dust transport event occurred
during the study period. The organic matter fraction was substantially higher than found in local loose
rock, indicating enhanced biological activity. Elemental carbon showed only minor mass-contribution
to the total cryoconite load, but seemed to be subject to strong multi-annual enrichment. Although no
suitable model was found for snow and ice albedo under the influence of impurities, the results
indicated substantial elemental carbon induced albedo reductions. Additionally, dark humic
substances were presumed to be of major importance, whereas mineral dust and living organisms
were found to have a limited effect on the surface albedo of Plaine Morte glacier. Overall, the largest
impact of cryoconite seemed to be caused by triggering of a positive feedback mechanism including
enhanced strongly light-absorbing liquid water content. This project demonstrates the local importance
of cryoconite accumulations to the energy balance of a glacier and highlights the need for further
research concerning organic substances and their relative contribution to albedo changes.
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Trajectory Analysis of Warm Rain Orographic Precipitation
Annette K. Miltenberger*, Dr. Hanna Joos*, Dr. Axel Seifert**, Prof. Heini Wernli*
* IAC ETH Zurich
** DWD Offenbach

Mountains have a strong impact on the global moisture and heat fluxes as well as on the precipitation
distribution. Strong precipitation gradients in mountainous terrain influence the vegetation cover, but
are also important for hydropower and natural risk management. Therefore orographic precipitation is
a classical topic of atmospheric science, but it is still challenging due to the coupling of nonlinear
dynamical and microphysical processes. In a conceptual model the efficiency of precipitation
formation can be viewed as result of the relative magnitude of the timescales characterizing the
system, which are the residence time inside the cloud (advective timescale) and the time for
precipitation production (microphysical timescale). However, these timescales are only poorly
constrained by measurements and theoretical estimates. The Lagrangian perspective adopted in this
study allows an in-depth analysis of the timescales as well as the underlying physical processes.
Trajectories were calculated for orographic flow past a three-dimensional bell-shaped mountain based
on simulations with a regional weather prediction model with a horizontal resolution of one kilometer.
The flow response to the orographic forcing covered nonlinear to linear stable flows and strongly
precipitating to barely precipitating clouds.
The Lagrangian approach allows to determine the relevant timescales for individual air parcels, which
reveals significant spatial variation of the timescales that has not been acknowledged in previous
work. By suitably averaging over the trajectories, timescales characterizing orographic clouds in
different flow regimes are obtained. Based on these timescales the existence of a unique scaling
relation for precipitation efficiency in orographic clouds as described in previous studies could be
confirmed. The comparison of the trajectory derived timescales to previously used theoretical
estimates indicates a discrepancy for vertical Froude numbers above 1.2, which can be assigned to
the impact of the excited gravity wave on the lee side cloud extent. In the linear regime linear, twodimensional gravity wave theory was found to represent the cloud extent reasonably well. In addition
the advective timescale depends on the microphysical evolution of the cloud, which has not been
considered in previous studies and highlights the importance of interactions between microphysical
and dynamical processes for orographic precipitation. The microphysical timescale determined by the
trajectory analysis deviates from the theoretical approximation for vertical Froude numbers below 1.2.
The deviation is essentially related to a strong reduction of the vertical velocity by deflection of
streamlines around the mountain, which was not considered in previous geometric estimates of the
vertical velocity.

Modelling of Evaporation in high Alpine Catchments
von Gunten Diane*, Schaefli Bettina**
*IACETH, Universitätsstrasse 16, 8000 Zürich and Laboratory of Ecohydrology (ECHO), School of Architecture,
Civil and Environmental Engineering (ENAC), Ecole Polytechnique Fédérale de Lausanne (EPFL), Station 2,
1015 Lausanne (dvgunten@student.ethz.ch)
** Laboratory of Ecohydrology (ECHO), School of Architecture, Civil and Environmental Engineering (ENAC),
Ecole Polytechnique Fédérale de Lausanne (EPFL), Station 2, 1015 Lausanne (bettina.schaefli@epfl.ch)

In Alpine catchments, evapotranspiration is a small part of the water balance (around 10% of
precipitation, Lang, 1981). Accordingly, it is often neglected or very much simplified in glacio-
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hydrological models used to predict discharge. However, in the context of ongoing climate change, a
better understanding of all water fluxes, including namely evaporation, seems essential to make
reliable predictions of the future water balance. Indeed, global temperatures are expected to increase
in the next century, and because evaporation is linked to temperature and radiation, it will probably
increase in future. Furthermore, since glaciers are currently retreating, there is an increase in
vegetated area and bare ground, which is likely to result in increasing evapotranspiration. In addition,
total discharge of alpine catchments might decrease, which would increase evaporation importance.
These changes might affect the water balance of Alpine catchment in a significant way and a more
precise modelling of evaporation might become necessary.
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In this context, the aim of this Master thesis research is to model evaporation in Alpine catchments
and to estimate its real importance in a changing climate. Based on field measurements on Swiss
glaciers, we first model ice evaporation and condensation from alpine glaciers and estimate its
importance in future climates (Huss et al., 2008). We then use a classical Penman-Monteith approach
to calculate potential evaporation from moraines, rocks and vegetation. These results are used in a
hydrological simulation of the Rhone catchment (Switzerland) to estimate impacts of evaporation on

Figure 1: evaporation divided by discharge in various climatic scenarios (0: actual
climate, 1: wet climate, 2: median climate, 3: warm and dry, 4:small glacier - Huss et al.,
2008)
discharge.
The main results of this study are that evaporation and condensation from glaciers are not likely to
have an important impact on alpine discharge today or in the future. Indeed evaporation and
condensation increase in a warmer climate but glacier area decreases. As a result, ice evaporation is
higher but on a smaller area. Accordingly it has a similar impact on the total water balance in all
climates.
However, impact of evaporation of the total catchment (rock, moraine and vegetation) could be more
important than today in a warmer climate as shown in figure 1. The main reasons for this higher
importance are discharge reduction, glacier retreat and reduced snow cover in our simulation.
Potential evaporation is highly uncertain but has a low impact on the overall result. Transferability of
these results to other models or other catchments is not known yet.
REFERENCES
Barnett T., J.Adam, and D. Lettenmaier, 2005: Potential impacts of a warming climate on water
availability in snow-dominated regions. Nature, 438:303– 309
Lang H., 1981:Is evaporation an important component in high alpine hydrology? Nordic Hydrology,
12:217–224.
Oelermans J. and E.J.Klok, 2002. Model study of the spatial distribution of the energy and mass
balance of Morteratschgletscher, Switzerland. Journal of
Glaciology, 48

Alpine Climatology and Meteorology

16

Schaefli B. and M. Huss, 2011: Integrating point glacier mass balance observations into hydrologic
model identification. Hydrology and Earth
System Sciences, 15:1227–1241
Huss M., D. Farinotti, A.Bauder and M.Funk, 2008: Modelling runoff from highly glacierized alpine
drainage basins in a changing climate. Hydrological Processes, 22:3888-3902

Swiss Geoscience Master Congress 10th November 2011

Surface Processes and Tectonics

17

Suitability of Cesium-137 and USLE for soil erosion assessment in an Alpine
valley (Val Piora, Switzerland)
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*Insitut für Umweltgeowissenschaften, University of Basel, Bernoullistrasse 30, CH-4056 Basel
(Gregor.Juretzko@stud.unibas.ch)

Soil erosion constitutes an increasing global issue. Because of its special topographic situation, the
Alps are a very complex and sensitive area and can be considered an early warning system for global
climate change. However, the processes and recent trends of soil erosion are not well understood yet
and tools and models for erosion assessment urgently need validation.
The aim of this study was to evaluate the suitability of the Cesium-137 (Cs-137) tracer technique and
the Universal Soil Loss Equation (USLE) for soil erosion quantification in the Alpine Piora Valley. The
valley (22.6 km2) is located in the Southern Alps and the elevation ranges from 1850 to 2773 m a.s.l.
Soil erosion rates can be determined with the Cs-137 tracer method by comparing Cs-137 inventories
(kBq m-2) of investigated sites with those of reference sites not affected by erosion or sedimentation
since the initial fallout of Cs-137. Sites with lower Cs-137 inventories as the reference inventory are
defined as net erosion sites, whereby those with higher Cs-137 inventories are considered as net
accumulation sites. Cs-137 inventories were measured at 10 evenly distributed transect sites (n = 60).
The USLE estimates are based on measured physical soil properties and a digital elevation model (25
m grid).
A prerequisite for the Cs-137 method is to establish the reference inventory. Several reference sites (n
= 10) showed considerable Cs-137 variability. To evaluate this heterogeneity, additional 51 in situ
measurements (in a regular grid with an edge length of 10 m) were implemented on a small plot (0.4
ha). Further, it could be shown that sites located in the western part of the valley had significantly
higher Cs-137 inventories, which is assigned to higher precipitation rates and thus larger deposition of
Cs-137 after the Chernobyl disaster. Complex patterns in snowfall, snow coverage and snow gliding in
the days after the reactor accident might also have contributed to the heterogeneous deposition
patterns. The USLE estimates were not related to the observed pattern of Cs-137 inventories. The
potential and limitations of the two methods for Alpine areas and their relation to other soil erosion risk
factors will be discussed in this contribution.
Small scale heterogeneity has been found, which is attributed to complex erosion dynamics and
processes during Cs-137 deposition. Winter processes, particularly snow gliding, may be an important
factor triggering erosion (Konz et al. 2009). Lowest Cs-137 inventories were observed at sites with
considerable dwarf shrub coverage. Freezing and snow gliding processes are expected to interact
with the dwarf shrubs, destabilising the slopes.
Most of the other factors like slope or soil organic carbon content were not correlated with Cs-137
inventories. Those factors could have been superimposed by other ones. Fractional vegetation cover
is negatively correlated with Cs-137 inventories, assumed to be an indicator for accumulation
processes.
Complex processes associated with alpine environments seem to constrain the applicability of the Cs137 tracer method and the USLE.
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New age constraints on the opening of the Piemont-Ligurian Ocean (TasnaNauders area, CH-A)
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The Engadine Window in Eastern Switzerland/Western Austria exposes the Lower-Middle Penninic
Tasna nappe, which was recognized to preserve a pre-alpine Ocean-Continent-Transition (OCT) by
Florineth (1994) and Florineth & Froitzheim (1994) in the Piz Minschun area. The present study
confirms the observed OCT geometry in a more eastern part of the Tasna nappe at the border
between Switzerland and Austria: Mapping of the area SW of Nauders reveals the contact between
serpentinized spinel-lherzolites and NE-ward out-wedging upper-continental crust which is sealed by a
continuous layer of sediments. Compilation of geological maps of the South-Western part of the
Window allows lateral connection of the newly mapped Nauders-OCT with the Tasna-OCT of Florineth
(1994) around the border of the Window. The obtained overall geometry shows an approximately 8km
long extensional allochthonous block comprising pre-, syn- and post rift sediments in normal position
whose northern-, eastern- and southern border can be delimited. The lateral width of this block is
undefined because it disappears beneath the Austroalpine nappes in the West.
Petrologic and geochemical investigations on serpentinites and (former-) garnet-pyroxenites confirm
the subcontinental origin of the Tasna mantle and allow constraining its evolution. Pyroxenites formed
at depths of at least 45km as indicated by the presence of garnet pyroxenites. Garnet subsequently
almost completely decomposed to spl-opx-cpx symplectites by reaction with olivine in the spinel
stability field at temperatures of initially ~830-950°C and shallower depth of 30-45km. This
corresponds to an uplift of the mantle rocks below a thinned continental crust and can possibly be
linked with the late Carboniferous-Permian extension event. Almost complete decomposition of garnet
associated with recrystallization and beginning equilibration of primary pyroxenes indicates relatively
long residence at this sub-crustal depth during which the rocks cooled. The last event recorded in the
mantle before exhumation is percolation of a K-rich Ca-poor alkaline liquid leading to formation of
phlogopite and zircon in small, local veins. This event represents the rise of the first, unambiguous riftrelated magmatic liquids in the area. Age determination on such a vein yields U-Pb ICP-MS
crystallisation age of 167.3±2.7Ma for zircon and an Ar-Ar age of 167.55±0.9 Ma and 167.9±1.4 Ma
for phlogopite, these ages are identical to the Ar-Ar phlogopite age of 170.5±0.4Ma and 169.1±0.4Ma
obtained for the Tasna mantle (Manatschal et al. 2006).
These ages indicate Middle-Jurassic magmatism for low-degree mantle melts and are consistent with
ages known for the South Penninic Piemont-Ligurian Ocean. They argue against a lower Cretaceous
rifting of the NE part of the Valais domain and confirm the South Penninc origin of the Nauders-Tasna
nappe already proposed by Manatschal et al. (2006).
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Basin Dynamics in Taiwan
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Taiwan has been created by collision of the Luzon Volcanic Arc with the Eurasian continental margin
during late Miocene to early Pliocene. It is not a simple arc-continent collision. There are two opposite
subductions involved. In the east the Philippine Sea plate is subducting below the Eurasian plate
whereas in the south the Eurasian plate is plunging under the Philippine Sea plate. Due to the northsouth orientation of the Luzon Arc and the northeast-southwest orientation of the Chinese continental
margin the collision is assumed to propagate southwards. The velocity of the southward migration of
the collision and therefore the orogen migration and the movement of the sedimentary basin was
calculated by using geometrical constraints (84 km/Ma; Suppe (1981)) and tectono-sedimentary
analyses (31 km/Ma; Simoes and Avouac (2006)) respectively. The foreland basin records the
collision process and shows characteristic patterns of facies distribution, subsidence and deformation.
The aim of this study is to compare the subsidence of different scenarios of collision, plate loading and
flexure with the known subsidence in the western foreland. By use of a Finite Differences model for
elastic plates, different flexural scenarios were simulated. In order to achieve a best fit with the
observed subsidence pattern in the foreland, a simple scenario with changeable flexural rigidity and
tectonic scenarios that include the different continental and oceanic plates were chosen. In addition,
the modern topography as well as the bathymetry were implemented as an additional load.
The observed facies distribution and the calculated subsidence show linear subsidence curves
whereas the resulting subsidence curves of the numerical modelling are non-uniform subsidence
curves. The depocenters do not correspond along the modern Taiwan mountain front. However, the
exact shape of the different stages of evolution is still unclear. Concerning the FD modeling, the
various flexural models show that an intra-plate stress of at least 1e9 Pa is necessary for a significant
influence on the deflection and therefore the forebulge evolution. In addition, the implemented
bathymetry with topography as a load changes the pattern of the forebulge along the mountain belt
and within the Taiwan Strait. More precise information about the tectonic behaviour of subduction
zones on basin evolution would improve the model significantly (e. g. 3D models).
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Figure 1. Simulation for experiments with an elastic thickness of 13 km. A: The load in the lithospheric
plate: green no load, red the Taiwan orogeny, blue the Philippine Sea plate (water column); B: The
tectonic situation including the Philippine Sea plate, the Eurasian plate and the South China sea plate.
C: The resulting deflection of the lithosphere in meters. D: Evolution of the deflection with increasing
load.
REFERENCES
Simoes, M. and Avouac, J. P. 2006: Investigating the kinematics of mountain building in Taiwan from
the spatiotemporal evolution of the foreland basin and western foothills. Journal of Geophysical
Research 111.
Suppe, J. 1981: Mechanics of Mountain Building and Metamorphism in Taiwan. Memoir of the
Geological Society of China 4, 67 – 89.
Van Wees, J. D. and Cloetingh, S. 1994: A Finite Difference Technique to Incorporate Spatial
Variations in Rigidity and Planar Faults into 3D Models For Lithospheric Flexure. Geophysical
Journal International, 117, 179 - 195.

Swiss Geoscience Master Congress 10th November 2011

A

